









































plastic	 waste.	 We	 find	 that	 the	 projected	 impact	 of	 both	 single	 and	multiple	 clean	 up	37 
devices	is	very	modest.	A	significant	reduction	of	plastic	debris	in	the	ocean	can	be	only	38 
achieved	with	collection	at	 rivers	or	with	a	 combination	of	 river	barriers	and	clean	up	39 
devices.	We	also	show	that	the	incineration	and	production	of	plastic	has	a	significant	long-40 
term	effect	on	the	global	atmospheric	carbon	budget.	We	conclude	that	a	combination	of	41 


























2015),	 in	 sedimentary	 environments	 of	 fjords,	 estuaries,	 shallow	 coastal	 areas,	 continental	66 
shelves	(Harris,	2020),	and	even	in	the	deepest	part	of	the	ocean	(Chiba	et	al,	2018).	The	positively	67 
buoyant	plastic	polymers,	however,	accumulate	in	the	surface	waters	of	large	ocean	gyres	as	a	68 
result	 of	 global	 ocean	 circulation	 (van	 Sebille	 et	 al,	 2015).	 Approximately	 5.25	 trillion	 plastic	69 
particles,	 weighing	 about	 269,000	 Mg,	 float	 on	 the	 ocean	 surface	 (Eriksen	 et	 al,	 2014)	 with	70 









negative	 consequences	 for	 marine	 wildlife	 and	 also	 for	 human	 health	 (Barnes,	 Galgani,	80 
Thompson,	&	Barlaz,	2009;	Talsness,	Andrade,	Kuriyama,	Taylor	&	vom	Saal,	2009;	Jiang,	2018;	81 
Tavares	 et	 al.,	 2020).	 The	 impacts	 of	 marine	 plastic	 pollutants	 on	 the	 marine	 biota	 include	82 












The	 scale	 of	 the	plastic	 problem	 calls	 for	 urgent	mitigation	 strategies.	 Common	 interventions	95 
include	national	and	subnational	legislative	measures,	such	as	bans,	taxes,	and	levies	on	single	96 
use	plastics	(Xanthos	&	Walker,	2017;	Schnurr	et	al.	2018),	and	environmental	education	to	avoid	97 






initiatives	 such	 as	 the	 Ocean	 Cleanup	 project	 (https://theoceancleanup.com),	 which	 has	 the	102 







Here,	 we	 use	 a	 mathematical	 model	 of	 the	 global	 surface	 ocean	 in	 combination	 with	 future	110 
projections	of	global	plastic	production	and	waste	management	(Geyer,	Jambeck,	&	Law,	2017)	111 
to	simulate	plastic	discard	and	accumulation	in	the	past,	present	and	future.	Mathematical	models	112 
are	 relevant	 tools	 to	 systematically	 test	 our	 understanding	 about	 a	 system	 (Levy	 and	 Currie,	113 
2015)	 and	were	used	 to	 explore	 some	of	 the	unknowns	of	plastic	pollution	 in	 the	ocean	 (e.g.	114 
Lebreton	 et	 al.	 2019).	 We	 use	 our	 proposed	 model	 (see	 Materials	 and	 Methods)	 to	 explore	115 
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one	 device	 per	 year.	 Admittedly,	 the	 model	 assumes	 that	 the	 ocean	 surface	 plastic	 is	182 
homogeneously	 distributed	 across	 the	 global	 surface	 ocean.	 The	 model	 may	 therefore	183 
underestimate	the	efficiency	of	the	ocean	cleanup	devices.	However,	the	model	accounts	for	the	184 

































that	 reaches	 the	 ocean	 surface	 water	 and	 remains	 positively	 buoyant	 during	 the	 considered	216 
accumulation	period	of	61	years.	This	simulated	net	accumulation	of	plastic	in	the	surface	ocean	217 
implicitly	includes	losses	of	plastic	particles	sinking	into	the	ocean	interior	as	a	consequence	of	218 


















accumulation	of	both	macro-	and	microplastic	 (Lebreton	et	al.,	2018)	using	 the	projections	of	237 
plastic	waste	generation	and	discard	(Geyer,	Jambeck,	&	Law,	2017).	Our	model	predicts	that	total	238 
plastic	waste	will	continue	to	accumulate	in	the	surface	ocean	until	2052	and	then	remain	steady	239 




plastic	 in	 the	 ocean	 will	 triple	 with	 respect	 to	 2011,	 even	 if	 plastic	 discard	 is	 completely	242 
abandoned	in	2052	and	all	plastic	waste	is	burnt	or	recycled	in	the	future	(Geyer,	Jambeck,	&	Law,	243 
2017).	The	ongoing	fragmentation	of	macroplastic	to	microplastic	by	UV	light	and	wave	action	244 










surface	plastic	at	a	 large	scale	 is	 the	Ocean	Cleanup	project,	whose	aim	 is	 to	 clean	 the	Pacific	255 
garbage	patch	within	the	next	20	years.	The	method	consists	in	deploying	600	m	long	floating	256 
barriers	 in	 the	garbage	patch.	These	barriers	are	designed	 to	hold	 the	 floating	plastic	using	a	257 




























that	only	a	 combination	of	 reduced	emissions	and	active	 removal	of	 floating	plastic	 (Scenario	284 
ES+CD)	can	effectively	mitigate	the	problem	of	plastic	pollution	(Fig.	2).	The	amount	of	plastic	285 
that	can	be	collected	in	a	given	time	period,	however,	depends	on	the	concentration	of	plastic	286 







years	 to	 decompose	 while	 leaching	 toxins	 into	 soil	 and	 groundwater	 during	 the	 process	294 
(Thompson,	Moore,	Saal,	&	Swan,	2009;	Teuten	et	al.,	2009).	There	are	possibly	three	options	to	295 
remediate	 the	problem:	(1)	recycling,	 (2)	 incineration,	and	(3)	permanent	burial.	Much	of	 the	296 
collected	 ocean	 plastic	 is	 very	 difficult	 to	 recycle	 (Bergmann,	 Gutow,	 &	 Klages,	 2015;	Moore,	297 
2015)	 because	 of	 different	 types	 of	 plastics	 and	 the	 contamination	 by	 ocean	 sources.	Marine	298 
plastics	 include	 many	 different	 compositions,	 qualities,	 sizes,	 shapes	 and	 colors,	 making	 the	299 
separation	 into	 pure	 streams	 for	 traditional	 recycling	 cost	 prohibitive	 (Bergmann,	 Gutow,	 &	300 







environments	 (Harris,	 2020).	 In	 addition,	 given	 the	 incomplete	 understanding	 on	 the	 fate	 of	308 
plastic	(particularly	smaller	particles	such	as	nano	and	microplastic)	in	terrestrial	and	freshwater	309 












(Verma,	 Vinoda,	 Papireddy,	 &	 Gowda,	 2016;	 Katami,	 Yashura,	 Okuda,	 &	 Shibamoto,	 2002;	320 
Thompson,	 Moore,	 Saal,	 &	 Swan,	 2009),	 to	 the	 atmosphere.	 These	 emissions	 will	 further	321 
contribute	to	air	pollution	and	the	ongoing	rise	in	global	atmospheric	CO2.	322 
	323 
To	 investigate	 the	 impact	 to	 the	 atmosphere	 we	 quantify	 the	 CO2	 emissions	 resulting	 from	324 
burning	the	collected	plastic	waste.	We	assume	that	2.6	kg	CO2	will	be	emitted	per	kilogram	of	325 
burnt	 plastic	 (Harding,	 Dennis,	 von	 Blottnitz,	 &	 Harrison,	 2007).	 Plastic	 collection	 on	 any	326 
significant	 scale	would	 be	 possible	 only	 under	 scenarios	 ES	 and	 ES+CD.	 Here,	 annual	 plastic	327 
collection	would	peak	within	the	first	20	years	of	plastic	collection	and	rapidly	drop	to	near	zero	328 












production	 and	 incineration	will	 add	 around	 20	 ppmv	 to	 the	 Earth's	 atmosphere.	 Therefore,	341 










to	 mitigate	 marine	 plastic	 pollution	 is	 therefore	 to	 avoid	 plastic	 entering	 the	 ocean,	 e.g.	 via	350 
barriers	at	river	mouths,	or	to	avoid	plastic	entering	the	natural	environment	from	landfills	by	351 




pollution	 (Eriksson,	 2009;	 Harding,	 Dennis,	 von	 Blottnitz,	 &	 Harrison,	 2007;	 Knorr,	 Jiang,	 &	356 
Arneth,	2016),	the	ultimate	and	most	sustainable	strategy	is	to	reduce	production	and	use	on	a	357 








Hardesty,	 2018;	Worm,	 Lotze,	 Jubinville,	Wilcox,	&	 Jambeck;	Rochman,	 2016;	Rochman	 et	 al.,	366 
2013;	Haward,	2018).	For	example,	through	the	implementation	of	taxes,	fees,	and/or	bans	on	367 
single-use	 plastic	 (Schnurr	 et	 al	 2018),	 several	 countries	 around	 the	 globe	 have	managed	 to	368 
reduce	their	use,	although	follow-up	measures	of	their	effectiveness	on	waste	reduction	are	still	369 
necessary	(Xanthos,	&	Walker,	2017).	In	addition,	improving	waste	management	and	recycling,	370 
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Figure	1:	a)	Processes	related	 to	oceanic	plastic	pollution.	Plastic	 is	produced	 from	crude	oil.	605 
After	 use,	 plastic	 is	 discarded,	 recycled,	 incinerated,	 or	 transferred	 to	 landfills.	 Transport	 via	606 
rivers	leads	to	the	accumulation	of	plastic	waste	in	the	ocean.	Plastic	debris	in	the	ocean	surface	607 
can	be	collected	with	floating	devices	whereas	the	plastic	that	makes	it	to	the	ocean	interior	is	608 
ultimately	 lost.	 Collected	 ocean	 plastic	 can	 be	 either	 recycled	 or	 incinerated,	 i.e.	 thermally	609 
recycled,	a	process	that	releases	CO2	to	the	atmosphere.	b)	We	quantified	the	amount	of	plastic	in	610 















Figure	 2:	 Projected	 plastic	 accumulation	 in	 the	 surface	 ocean	 according	 to	 different	 model	623 
scenarios.	Business	as	usual	(BAU,	red),	one	clean	up	device	(1CD,	orange),	200	clean	up	devices	624 



















Figure	4:	CO2	emissions	 from	producing	and	burning	plastic	on	 land.	 Incineration	(grey),	CO2	640 
emissions	from	incinerating	plastic	discarded	on	land;	Production	(black),	CO2	emissions	from	641 
plastic	 production;	 RB+CD	 (blue),	 CO2	 emissions	 from	 burning	 plastic	 collected	 with	 river	642 
barriers	plus	200	Cleanup	devices	(for	comparison).	643 
